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Research and development work i n  t h e  conve r s ion  o f  c o a l ,  o f  t h e  
kerogen i n  o i l  s h a l e ,  and of t h e  t a r  from bi tuminous sands  t o  petroleum 
supplements has  been a p e r i o d i c  phenomenon i n  t h e  United S t a t e s .  
During each p e r i o d  o f  i n t e n s e  e f f o r t  major t e c h n i c a l  improvements 
have been made. Cur ren t  r e s e a r c h  e f f o r t s  have succeeded i n  b r i n g i n g  
t h e  c o s t  o f  g a s o l i n e  from t h e s e  supplemental  hydrocarbons much c l o s e r  
to  t h e  cost of g a s o l i n e  from petroleum. One of t h e  impor t an t  f a c t o r s  
which b r i n g s  t h e  c o s t  c l o s e r  i s  t h e  i n c r e a s e d  c o s t  of d i s c o v e r i n g  
and producing new petroleum r e s e r v e s .  Large scale commercial u t i l -  
i z a t i o n  o f  petroleum supplements w i l l  o c c u r  when t h e  c o s t  c u r v e s  meet. 

chemists  and e n g i n e e r s  employed i n  t h e  c o a l  i n d u s t r y ,  i n  government 
r e s e a r c h  l a b o r a t o r i e s  o r  i n  r e s e a r c h  i n s t i t u t e s .  Only w i t h i n  t h e  

1 l as t  few yea r s  has  t h e  petroleum i n d u s t r y  s e r i o u s l y  committed i t s e l f  
to  s tudy ing  p roduc t ion  of l i q u i d s  from c o a l ,  o i l  s h a l e  and bituminous 
sand. Earlier work i n  t h e  petroleum r e s e a r c h  and development l abora -  
t o r i e s  had Deen c o n c e n t r a t e d  on petroleum feed  stocks whose c h a r a c t e r  
is q u i t e  d i f f e r e n t  from t h e  l i q u i d s  o b t a i n e d  from p y r o l y s i s  o f  o t h e r  
hydrocarbons.  

D i f f e rences  between t h e  more f a m i l i a r  petroleum and t h e  l i q u i d s  

/ 

I* 

H i s t o r i c a l l y ,  c o a l  conve r s ion  r e s e a r c h  has  been done l a r g e l y  by 

i 

I {’ produced from c o a l ,  o i l  s h a l e  and bi tuminous sands l i e  i n  t h e  a r e a s  
o f ;  (1) o i l  composi t ion,  ( 2 )  t h e  a n a l y t i c a l  t echn iques  used i n  
c h a r a c t e r i z i n g  each m a t e r i a l ,  ( 3 )  a s s o c i a t e d  m i n e r a l s ,  and ( 4 )  v a r i a -  
t i o n s  due t o  p rocess ing .  

’ OIL COMPOSITION 

Between t h e  t i m e  o f  i n i t i a l  fo rma t ion  of petroleum and i t s  ’ migra t ing  t o  and be ing  t r a p p e d  i n  t h e  s t r u c t u r e  from which it is 
produced, any thermodynamically u n s t a b l e  molecules  have undergone 
r e a c t i o n  o r  have been adsorbed o r  f i l t e r e d  from t h e  b u l k  o f  t h e  
s t a b l e  hydrocarbon c o n s t i t u t i n g  t h e  f i n a l ,  p r e s e n t l y  produced p e t r o -  
leum. The l i q u i d s  o b t a i n e d  from p y r o l y s i s  of c o a l ,  o i l  s h a l e ,  and 
t o  a lesser d e g r e e ,  t a r  s a n d s ,  on t h e  o t h e r  hand c o n t a i n  many very 
r e a c t i v e  hydrocarbons and h e t e r o c y c l i c  compounds. The p r o p e r t i e s  of 
t h e  l i q u i d s  produced d u r i n g  p y r o l y s i s  change a p p r e c i a b l y  o v e r  very 
s h o r t  t i m e  p e r i o d s  due probably t o  condensa t ion  and p o l y m e r i z a t i o n  
r e a c t i o n s .  Th i s  has  been observed by many r e s e a r c h  groups who have 
no ted  t h a t  an i n i t i a l l y  l i g h t  c o l o r e d ,  ve ry  f l u i d ,  low pour  p o i n t  
p roduc t  from p y r o l y s i s  o f  o i l  s h a l e  o r  o f  c o a l  da rkens  d u r i n g  t h e  
f i r s t  few hours a f t e r  d i s t i l l a t i o n .  

‘ 

1‘ 
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Both t h e  pour p o i n t  o f  t h e  l i q u i d  and t h e  v i s c o s i t y  i n c r e a s e  n o t i c e a b l y  
a f t e r  i t s  p r o d u c t i o n .  P r e l i m i n a r y  work i n  o u r  l a b o r a t o r y  i n d i c a t e s  
t ha t  the changes t h a t  o c c u r  are  v e r y  s e n s i t i v e  t o  t h e  p r e s e n c e  o f  
oxygen. They are  a p p a r e n t l y  n o t  p h o t o s e n s i t i v e  as had been  e a r l i e r  

r a p i d  subsequent  p r o c e s s i n g  of t h e  l i q u i d  o r  a s t a b i l i z a t i o n  s t e p  

\ 
assumed. Nonethe less  t h e  changes are marked and w i l l  r e q u i r e  e i t h e r  1 

t o  p r e v e n t  t h e  decrease i n  q u a l i t y  of t h e  pe t ro leum supplement.  
\ I  

\ ANALYTICAL TECHNIQUES 

Another d i f f e r e n c e  t h a t  pe t ro leum r e f i n e r y  s c i e n t i s t s  and e n g i n e e r s  
must become aware of lies i n  t h e  d i f f e r e n t  t y p e s  of a n a l y s e s  t h a t  
have been developed for e a c h  o f  t h e  p o t e n t i a l  p e t r o l e m ,  s u b s t i t u t e s .  

C o i i l  t r a d i t i o n a l l y  i s  c h a r h c t e r i z e d  by "proxin;ate a n a l y s i s "  and a 
by " u l t i m a t e  a n a l y s i s " .  The proximate  a n a l y s i s  comprises  determifia- 
t i o n s  of m o i s t u r e ,  vo la t i l e  matter,  a s h ,  and f i x e d  carbon ( t h e  l a s t  
by d i f f e r e n c e ) .  With it is u s u a l l y  i n c l u d e d  a d e t e r m i n a t i o n  o f  s u l f u r  
and s o m e t i m e s  phosphorus.  While t h e  proximate  a n a l y s i s  is  the m o s t  
wide ly  used method f o r  a n a l y z i n g  coals it i s  o f  l i t t l e  v a l u e  i n  p r e d i c t i n g ,  
c o n v e r t i b i l i t y  of t h e  coal to a p e t r o l e u n  supplement.  U l t i m a t e  ana lyses  
are e l e m e n t a l  a n a l y s e s  and t a k e  much l o n g e r  t o  perform t h a n  t h e  prox- 
imate a n a l y s i s .  C o n s i d e r a b l e  t e c h n i c a l  s k i l l  i s  r e q u i r e d  and t h i s  
a n a l y s i s  has  n o t  u s u a l l y  been done i n  coal p l a n t  o p e r a t i o n s .  

I Table 1. CHEMICAL COMPOSITION OF SOME COALS AND PETROLEUM 

Medium High High i 
4 

'q 

vo l a t i l e  v o l a t i l e  v o l a t i l e  Petroleum 
A n t h r a c i t e  b i t .  A b i t .  B b i t .  L i g n i t e  Crude 

c 93.7 88.4 84.5 80.3 72.7 83-87 

H 2 . 4  5.0 5 .6  5.5 4 . 2  1 1 - 1 4  

' \  0 2 . 4  4 . 1  7.0 11.1 21.3 

N 0.9 1 . 7  1 . 6  1 . 9  1 . 2  0.2 

S 0.6 0 .8  1 . 3  1 . 2  0.6 1 . 0  

H/C 0 .31  0.67 0.79 0.82 0.69 1.76 
atom 
r a t i o  
Coal a n a l y s i s  on m o i s t u r e  and a s h - f r e e  basis .  
Ash c o n t e n t  o f  coal 3 t o  15% 

G. A l e x  M i l l s ,  I n d u s t r i a l  and Engineer ing  Chemistry,  vol.  61, No. 7, s, 

, 

\ 

\ 

J u l y  1969. 
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,/ Table 1 g i v e s  t h e  u l t i m a t e  a n a l y s e s  and hydrogen t o  carbon atom 
r a t i o  of S o m e  c o a l s  and of petroleum. From t h e  table w e  n o t e  t h a t  
t h e  hydrogen c o n t e n t  o f  t h o s e  c o a l s  most s u i t a b l e  f o r  conve r s ion  i n t o  

' petroleum supplement by hydrogenat ion d i s t i l l a t i o n ,  namely high v o l a t i l e  
bituminous c o a l s  i s  i n  t h e  r a n a e  5 . 5  p e r c e n t .  Petroleum on t h e  o t h e r  

1 hand w i l l  c o n t a i n  from 1 1 - 1 4  p e r c e n t  hydrogen. D i s t i l l a t e s  from c o a l  
c o n t a i n  up t o  9 p e r c e n t  hydrogen. Cur ren t  t e c h n o l o g i c a l  methods 
for producing l i q u i d s  from c o a l  a r e  based on t h e  concept  t h a t  t h e  

, hydrogen r i c h  components should be d i s t i l l e d  from t h e  c o a l  and used 
a s  a petroleum supplement.  The cha r  o r  coke r e s i d u e  might b e t t e r  
be used as  a f u e l  r a t h e r  t han  a t t empt ing  t h e  d i f f i c u l t  t a s k  of cor,vert- 
i n g  t h e  whole c o a l  t o  hydrocarbons.  

J 

Table 2 .  HYDROGEN TO CARBON ATOM RATIO OF 
PETROLEUM AND SUPPLEMENTS 

Mat e r i a1 X/C Atoin Ratio 

I Texas Crude 1 . 5 5  

Pennsylvania  Crude 1 . 9 5  

Bituminous Tar 1 .75 
' I  

I Sha le  O i l  
I 

Coal T a r  I 
1 . 4 8  

1.32 

Benzene 1 . 0 0  

1 . 1 4  

t 
I Toluene 

Iso-octane 2.25 
, 

I n  Table 2 a r e  l i s t e d  t h e  hydrogen t o  carbon r a t i o s  of t y p i c a l  
petroleum supplements ,  o f  some pure hydrocarbons oE v a l u e  i n  g a s o l i n e ,  

hydrogen t o  carbon r a t i o  of 2.25; a t y p i c a l  Pennsylvania  c rude  o i l  h igh  
i n  p a r a f f i n  c o n t e n t  has  a r a t i o  o f  hydrogen t o  carbon o f  1 .95;  a crude 

bituminous tar  has  a r a t i o  of 1 . 7 5 ,  s h a l e  o i l  1 . 4 8  and a s t r a i g h t  
c o a l  t a r  d i s t i l l a t e  1.32. The hydrogen t o  carbon atom r a t i o  i n  a 

' h i g h  v o l a t i l e  bi tuminous c o a l  i s  0.82. Inc luded  i n  t h e  t ab le  a r c  
benzene and t o l u e n e ,  major  components o f  c o a l  o i l s ,  which have a 
hydrogen t o  carbon atomic r a t i o  of 1 . 0 0  and 1 . 1 4 .  

There are two t h i n g s '  of importance t o  n o t e  from these t a b l e s ;  
f i r s t ,  t h e  s i g n i f i c a n t l y  h i g h e r  hydrogen c o n t e n t  o f  o i l  from coal 
compared t o  t h e  o r i g i n a l  c o a l ,  and second,  t h e  hydrogen d e f i c i e n c i e s  
compared t o  p a r a f f i n i c  c rudes .  

, and of some Texas and Pennsylvania  crude o i l s .  I so -oc tane  has  a 

' o i l  from Texas has  a hydrogen t o  carbon r a t i o  o f  1 . 5 5 ,  a t y p i c a l  

/ 

One compensating f a c t o r  t o  be kep t  i n  mind i s  t h a t  r e l a t i v e l y  
high pe rcen tages  of t h e  hydrocarbons i n  t h e  c o a l  l i q u i d  a r e  aromatic .  
The f i n a l  hydrogen t o  carbon ra t io  o f  a g a s o l i n e  from c o a l  could 
probably be i n  t h e  range 1.4 t o  1 .5 .  
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-- Tab le  3. ULTIMATE ANALYSES 

Bituminous T a r  S h a l e  O i l  Coal Tar  

W X  A t o m %  

H 1 0 . 4  10 .4  

C 83.3 6.94 

W t . %  A t o h %  -- Wt.8 A t o m %  
\ -- 

10.43 10.43 9 .1  9 .1  

84.12 7.01 82.0 6.83 v 
N 0.96 0 .07  1 .83  0.13 0.8 0.057 \ 

0 1 . 2  0.075 2.63 0.16 7.2 .0 .45  

S 4 . 7  0.147 1.02 0.032 0 . 9  0.03 

Table 3 gives t h e  u l t i m a t e  a n a l y s i s  of a b i tuminous  t a r ,  a 
s h a l e  o i l ,  and a coal tar  produced i n  U n i v e r s i t y  o f  Utah l a b o r a t o r i e s .  
I n  p r o c e s s i n g  each  l i q u i d  hydrogen w i l l  be r e q u i r e d  t o  remove t h e  
n i t r o g e n ,  oxygen and s u l f u r  from the l i q u i d s  i n  a d d i t i o n  t o  t h a t  
r e q u i r e d  t o  i n c r e a s e  t h e  hydrogen c o n t e n t  o f  t h e  hydrocarbon components. 

\ 

Tab le  4 .  HYDROGENATION-DISTILLATION LIQUID 
FROM HIGH VOLATILE B BITUMINOUS COAL 

S p e c i f i c  g r a v i t y ,  20Oc  

S u l f u r  

N i t rogen  

Ta r  a c i d s  

D i s t i l l a t i o n  d a t a  

I .B'. P. 

up t o  200oc 

Up t o  35OoC 

Hydrocarbon t y p e s  i n  n e u t r a l  o i l  

Up t o  350°C 

S a t u r a t e s  

O l e f i n s  

0.9946O 

0.3214 wt.8 

0.5820 w t . %  

20.0 vol% 

7 5% 

20.0 vol% 

72.0 vol% 

46.0 vol% 

6.0  v o l %  

\ 

\ 

A r o m a t i c s  48.0 v o l %  

Table  4 gives a t y p i c a l  a n a l y s i s  of a l i q u i d  p r o d u c t  from a 
p a r t i a l l y  h y d r o t r e a t e d  c o a l  d i s t i l l a t e  i n c l u d i n g  t h e  hydrocarbon t y p e  
a n a l y s i s  i n  t h e  l i q u i d  d i s t i l l i n g  below 350° c e n t i g r a d e .  I t  i s  noted 
i n  t h i s  t a b l e  t ha t  t h e  b u l k  of t h e  oxygen i s  p r e s e n t  i n  t a r  acids which 
c o n s t i t u t e  2 0 %  of t h e  l i q u i d  d i s t i l l a t e .  For ty -e igh t  percent of t h e  
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hydrocarbons i n  t h e  n e u t r a l  o i l  a r e  aromatic. 

The y i e l d  o f  l i q u i d  from c o a l  o r  s h a l e  o r  t a r  s ands  depends 
ve ry  much upon t h e  p r o c e s s  used. Th i s  is  a l s o  t r u e  o f  t h e  q u a l i t y  
of the d i s t i l l a t e .  Because o f  t h e  d i f f e r e n t  approaches t o  coal 
Conversion , (1) s t r a i g h t  c a r b o n i z a t i o n  p y r o l y s i s  , ( 2 )  hydrogenat ion-  
d i s t i l l a t i o n  and ( 3 )  s o l v e n t  e x t r a c t i o n s ,  no s i n g l e  p r e d i c t i v e  method 
based  on ASTM procedures  i s  p o s s i b l e  f o r  de t e rmin ing  t h e  l i q u i d  
p roduc t  y i e l d .  For o i l  s h a l e  t h e r e  has  been developed t h e  F i s c h e r  
a s s a y  which g i v e s  t h e  Tffrage y i e l d  o f  o i l  under a p r e s c r i b e d  pro-  
cedure  o f  d i s t i l l a t i o n  . I n  t h e  F i s c h e r  a s s a y ,  t h e  o i l  y i e l d  i s  
t h a t  amount o f  d i s t i l l a t e  which r e s u l t s  from t h e  p y r o l y s i s  o f  t h e  
h i g h e r  molecular  we igh t  o r g a n i c  i n s o l u b l e  kerogen. Some hydrocarbons 
and o t h e r  o r g a n i c  t y p e  compounds remain i n  t h e  s h a l e  a f t e r  t h e  dis-  
t i l l a t i o n .  Methods which d i f f e r  from t h e  F i s c h e r  a s s a y  t e c h n i q u e  
produce o i l s  of ve ry  d i f f e r e n t  u a l i t y  and somewhat d i f f e r e n t  q u a n t i t y  
t h a n  t h e  u s u a l  s h a l e  o i l  (1,2,37. 

Due t o  t h e  afore-mentioned i n s t a b i l i t y  of s h a l e  o i l  and o i l  
from coal t h e  second d i s t i l l a t i o n  i n  a p r o c e s s i n g  scheme g e n e r a l l y  
l e a v e s  a much g r e a t e r  carbon r e s i d u e  t h a n  i s  t r u e  w i t h  d i s t i l l a t i o n  
o f  petroleum f e e d  s t o c k .  U l t ima te  p roduc t  y i e l d  t h e r e f o r e  cannot  
be determined e x c e p t  by d i r e c t  expe r imen ta l  measurement. 

A s  t h e  p rocessed  o i l s  are up-graded, t h e  d a t a  are r e p o r t e d  
acco rd ing  t o  t h e  methods used i n  t h e  petroleum i n d u s t r y .  For  example, 
pour p o i n t ,  v i s c o s i t y  and API g r a v i t y  are r e g u l a r l y  determined.  I t  
is impor t an t  t o  bear i n  mind t h a t  t h e  numer i ca l  v a l u e  of t h e s e  t h r e e  
p r o p e r t i e s  w i l l  depend upon how q u i c k l y  t h e y  a r e  de t e rmined  a f t e r  
t h e  p r e p a r a t i o n  o f  t h e  i n i t i a l  l i q u i d  d i s t i l l a t e .  

ASSOCIATED MINERALS 

The i n i t i a l  i n s t a b i l i t y  and t h e  p re sence  o f  n i t r o g e n ,  oxygen, 
and s u l f u r  compounds i n  l a r g e r  amounts t h a n  i n  pe t ro l eum r e n d e r s  
t h e  hydrogenat ion t r e a t m e n t  o f  t h e  l i q u i d  more d i f f i c u l t  t h a n  t h e  
comparable t r e a t m e n t  o f  a petroleum o i l  f r a c t i o n .  Some work i s  now 
b e i n g  c a r r i e d  o u t  and much more must be  done o f  t h e  development o f  
c a t a l y s t s  which w i l l  be  as e f f e c t i v e  f o r  s h a l e  o i l  and c o a l  o i l  
upgrading a s  are t h e  c a t a l y s t s  c u r r e n t l y  be ing  used i n  t h e  petroleum 
i n d u s t r y .  I n  p a r t i c u l a r  i s  t h i s  t r u e  i n  t e r m s  o f  s e n s i t i v i t y  t o  
po i sons  p r e s e n t  i n  t h e  a s h  from c o a l  or s h a l e  oil conver s ion .  T h i s  
becomes e v i d e n t  i f  w e  compare t h e  a sh  c o n t e n t  o f  t h e  raw m a t e r i a l  
f e e d  s t o c k s .  

A pe t ro l eum c rude  c o n t a i n s  n e g l i g i b l e  ash.  The ash c o n t e n t  o f  
c o a l  w i l l  range from 3 t o  1 5  p e r c e n t .  The ash c o n t e n t  o f  o i l  s h a l e  
r anges  from 85-92 p e r c e n t ,  t h e  ash c o n t e n t  of i n  s i t u  bi tuminous 
sand  w i l l  range upward from 50 p e r c e n t .  U n f o r t u n a t e l y  many c u r r e n t  
methods of producing l i q u i d  petroleum supplement from coal, o i l  s h a l e  
o r  t a r  s ands  c a r r y  o v e r  i n t o  t h e  "hydrocarbon" stream a s  much as a 
few p e r c e n t  of t h e  m i n e r a l  matter a s s o c i a t e d  w i t h  t h e  r a w  m a t e r i a l .  
The primary l i q u i d  t h e r e f o r e  c o n t a i n s  many t i m e s  as much m a t e r i a l  
which w i l l  i n t e r f e r e  w i t h  t h e  o p e r a t i o n  o f  a c a t a l y t i c  conve r s ion  
p r o c e s s  a s  does a pe t ro l eum f r a c t i o n .  I t  i s  t h e r e f o r e  impor t an t  f o r  
t h e  p o t e n t i a l  r e f i n e r  t o  know o f  t h i s  m i n e r a l  m a t t e r  c o n t e n t  and i t s  
c o n s t i t u t i o n .  D i f f e r e n t  combinat ions of m i n e r a l s  are found i n  t h e  
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f i n e s  c a r r i e d  ove rhead  i n  t h e  o i l  s h a l e  p y r o l y s i s  and i n  c o a l  p y r o l y s i s .  
I n  a d d i t i o n  t o  vanadium compounds t h e r e  w i l l  f r e q u e n t l y  be  s i g n i f i c a n t  
q u a n t i t i e s  of n i c k e l ,  i r o n ,  and o t h e r  t r a n s i t i o n  m e t a l  compounds. The \ 
pronlems p r e s e n t e d  by t h e  d i f f e r e n t  k i n d s  o f  contaminants  are i n  no 
way insurmountable  b u t  must be  t a k e n  i n t o  accoun t  by p o t e n t i a l  p r o c e s s o r s \  
of t h e  supplemental  f e e d  stoclcs.  

\ 
A p o s s i b l e  p l u s  i n  t h e  a r e a  of mine ra l  c o n s t i t u e n t s  i s  t h e  c a t -  

a l y t i c  a c t i v i t y  p o s s e s s e d  by some components. T h i s  h a s  been no ted  
p a r t i c u l a r y  i n  t h e  U n i v e r s i t y  o f  Utah l a b o r a t o r y  i n  t h e  h i g h  l i q u i d  
y i e l d s  from A s s a m  I n d i a  C o a l  s u b j e c t e d  t o  h y d r o g e n a t i o n - d i s t i l l a t i o n  
w i t h  on ly  t h e  n a t u r a l l y  o c c u r r i n g  m i n e r a l s  p r e s e n t  a s  c a t a l y s t s .  

The vanadium,nickle  and i r o n  c o n t e n t s  o f  pe t ro l eum supplements 
f r o m  d i f f e r e n t  c o a l s  d i f f e r s  markedly and shou ld  be  s t u d i e d  more 
i n t e n s i v e l y  t o  d e t e r m i n e  enhanced c a t a l y t i c  a c t i v i t y  as w e l l  a s  c a t a l y s t  
po i son ing  e f f e c t s .  

. 

k 

VARIATIONS DUE TO PROCESSING 

The b a s i c  q u a l i t y  o f  t h e  l i q u i d s  produced from f o s s i l  f u e l s  
o t h e r  t h a n  petroleum varies tremendously depending upon t h e  p r o c e s s  
fol lowed.  The Bureau of Mines has  g i v e n  v a l u a b l e  i n p u t  d a t a  on 
s e v e r a l  approaches and h a s  c a r r i e d  o u t  demons t r a t ion  p r o j e c t s .  
The O f f i c e  of Coal Research has  suppor t ed  s e v e r a l  c o a l  conve r s ion  
projects through t h e  p i lo t  p l a n t  s t a g e .  C a r b o n i z a t i o n  p r o c e s s e s  
l i k e  t h e  COED p r o c e s s  of FMC Corpora t ion  r e c o v e r s  t h e  s m a l l e s t  volume 
of hydrocarbon t y p e  l i q u i d s  o f  t h e  t h r e e  t y p e s  o f  p r o c e s s e s  c u r r e n t l y  
under  i n v e s t i g a t i o n .  

So lven t  e x t r a c t i o n  processes l i k e  t h o s e  of C o n s o l i d a t i o n  C o a l  
and some petroleum companies g i v e  much h i g h e r  l i q u i d  y i e l d s  by e x t r a c t i o n  

a r e  p r e s s u r i z e d  d i s t i l l a t i o n  processes i n  an hydrogen atomsphere.  
The H R I  p r o c e s s  and t h e  method developed a t  t h e  U n i v e r s i t y  of Utah 
use  t h i s  approach. The q u a l i t y  of t h e  l i q u i d  v a r i e s  markedly depending \ 

on t h e  p rocess  used.  

i s  an i n c r e a s e  i n  t h e  q u a n t i t y  of h i g h  molecu la r  we igh t  a r o m a t i c  
r i n g  c l u s t e r s  i n  t h e  l i q u i d  product .  
t o  c o n v e r t  t h i s  p o r t i o n  o f  t h e  l i q u i d  t o  g a s o l i n e  r ange  hydrocarbons 
i n  good y i e l d .  
r e s i d u e .  

e n t  review pape r  on t h e  conve r s ion  o f  c o a l  t o  g a s o l i n e t 4 )  t o  which 
t h o s e  i n t e r e s t e d  i n  c o a l  conve r s ion  p r o c e s s e s  and c a t a l y s t s  shou ld  
refer. 

w i t h  hydrogen donor  s o l v e n t s .  I n t e r m e d i a t e  i n  l i q u i d  p r o d u c t  y i e l d  '1 

Accompanying t h e  h i g h e r  y i e l d  o f  t h e  s o l v e n t  e x t r a c t i o n  p rocesses  ,, 
New c a t a l y s t s  m u s t  b e  developed 

O t h e r w i s e ,  t h e  bu lk  of t h i s  p o r t i o n  ends  up a s  carbon 

\ 

D r .  G.  Alex M i l l s  o f  t h e  Bureau o f  Mines h a s  w r i t  e n  an e x c e l l -  

Bituminous sand  p r o c e s s i n g  i s  ve ry  analogous i n  many r e g a r d s  
t o  secondary r e c o v e r y  of heavy petroleum c rudes .  Various t echn iques  
are used t o  s e p a r a t e  t h e  bi tuminous m a t e r i a l  from t h e  s a n d ,  c l a y  and 
s i l t  w i t h  which it i s  a s s o c i a t e d .  
d i f f i c u l t i e s  encoun te red  i n  p r o c e s s i n g  s h a l e  o i l  and o i l  from coal 
w i l l  b e  a n t i c i p a t e d  u n l e s s  a p r e l i m i n a r y  c l e a n i n g  p r o c e s s  is  u t i l i z e d .  

The same p o s s i b l e  p r o c e s s i n g  
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That s o l i d  hydrocarbons can be  converted i n t o  g a s o l i n e  , die:jc A 

f u e l  and o t h e r  s a l a b l e  p roduc t s  economical ly  h a s  been demonstrated f d u r i n g  t h e  p a s t  decade a t  t h e  American G i l s o n i t e  Company o i l  r e f i n e r y  
a t  F r u i t a ,  Colorado. The f eed  s t o c k  t o  t h i s  r e f i n e r y  has  been t 2 e  

/ s o l i d  hydrocarbon, g i l s o n i t e ,  which i s  p i p e l i n e d  i n  a w a t e r  s l u r r y  
from Bonanza, Utah t o  F r u i t a ,  Colorado. A f t e r  s e p a r a t i o n  from the , w a t e r  t h e  g i l s o n i t e  is  d i s t i l l e d  i n  a primary coker .  The l i q u i d  
d i s t i l l a t e  i s  t h e n  h y d r o t r e a t e d  and conve r t ed  i n t o  t h e  g a s o l i n e  and 
diesel f u e l  used th roughou t  t h e  Grand J u n c t i o n ,  Colorado m a r k e t  area. 
Problems o f  ash c o n t e n t  i n  t h e  f eed  s t o c k  and of t h e  d i f f e r e n t  m t a l  

' compounds i n  t h e  d i s t i l l a t e  have a l l  been s o l v e d  i n  t h e  p r o d u c t i o n  
o f  t h e  g a s o l i n e  which has  been marketed a t  e q u a l  o r  lower c o s t  t han  
g a s o l i n e  from conven t iona l  c rude  o i l s .  There is no q u e s t i o n  abou t  
t h e  a b i l i t y  of petroleum r e s e a r c h ,  development,  and p roduc t ion  teams 

- # t o  u t i l i z e  t h e  supplemental  f e e d  s t o c k s  from o t h e r  hydrocarbon sources  
as t h e y  become economic t o  use.  

1. 1. 
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I 
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